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SPECIFICATION 

METHOD AND DEVICE FOR INDUCTION HEATING AND HARDENING APPARATUS 

TECHNICAL FIELD 

The present Invention relates to a method for induction heating 
a helix- shaped coiled member and an apparatus therefor, and relates 
also to a quench -hardening apparatus for induction hardening the 
coiled member. 

BACKGROUND TECHNIQUE 

Various methods are known for induction heating of steel. In 
one of the induction heating methods, a helix -shaped workpiece is 
placed inside a heating coil wound in a solenoid shape coaxially, and 
the helix- shaped workpiece is induction heated. By this method, 
however, the helix- shaped workpiece cannot be uniformly heated since 
the both end portions of the helix -shaped workpiece may be short- 
circuited to cause overheating. In another known induction heating 
method, an induction heating coil is brought close to a part of a 
helix- shaped workpiece to induction heat the part of the workpiece, 
and the workpiece is rotated to bring the other portions of the 
workpiece close to the induction heating coil to induction heat the 
entire of the workpiece to a prescribed temperature. This method 
requires a driving mechanism like a motor for rotating the workpiece - 
supporting member disadvantageously . 

DISCLOSURE OF THE INVENTION 

In the above -described former method of induction heating the 
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helix- shaped workplece placed inside the induction heating coil 
coaxially, the end portions of the helix -shaped workplece tend to be 
overheated. In the other above -described latter method of partial 
induction heating of the workplece by placing the induction heating 
coil close to a part of the workplece, long time is necessary for 
inserting and removing the workplece, which is not suitable for high- 
speed processing, and the electric power consumption is larger 
correspondingly . 

Therefore, the present invention intends to provide an 
induction heating method and an induction heating apparatus for 
induction heating a helix -shaped coiled member successively and 
entirely uniformly, and to provide a quench -hardening apparatus for 
hardening uniformly a coiled member. 

For achieving the above object, the induction heating method of 
the present invention comprises 

(1) placing an induction heating coil to surround helically a 
delivery path for delivering the coiled member, and 

(2) delivering the coiled member by rolling along the delivery path 
to induction heat the coiled member by the induction heating coil. 

(3) The induction heating coil may have a portion which surrounds 
helically a delivery face for delivering the coiled member by contact. 

(4) The induction heating coil wound in a helix may cross the 
delivery direction of the delivery path to surround helically the 
delivery path and may extend in the direction of the delivery, and 

(5) the coiled member may be delivered by rolling with the length 
direction of the coiled member directed to be perpendicular to the 
delivery direction. 

(6) The coiled member may be delivered by rolling by rotation in a 
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periphery direction of the coiled member. 

(7) The delivery path for delivering the coiled member by rolling may 
be inclined - 

(8) A middle -lifting means having ridges at a prescribed pitch along 
the delivery path may be provided for supporting the coiled member 
upward at a lengthwise middle portion of the coiled member and for 
moving vertically the coiled member, and 

(9) a pair of end-lifting means having ridges at a prescribed pitch 
along the delivery path may be provided for supporting the coiled 
member upward at both lengthwise end portions and for moving 
vertically the coiled member, the ridges of the middle -lifting means 
and the ridges of the end -lifting means being placed in alternate 
positions; and 

(10) the coiled member may be delivered by moving vertically 
reciprocally the middle -lifting means and the end-lifting means in 
alternate directions to allow the coiled member to roll on slopes of 
the ridges. 

(11) The pitch of the ridges of the middle -lifting means and of the 
end- lifting means may be designed not to cause one or half rotation 
of the coiled member in delivery by rolling, and 

(12) the coiled member may be delivered by rolling by vertically 
moving the middle-lifting means and the pair of the end-lifting means. 

(13) The coiled member may have the outside diameter increasing from 
the one lengthwise end toward the other lengthwise end, and 

(14) the one end-lifting means for supporting one lengthwise end may 
be placed higher than the other end -lifting means for supporting the 
other lengthwise end. 

(15) The coiled member may have the outside diameter increasing from 
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the one lengthwise end toward the other lengthwise end, and 

(16) the one end-lifting means for supporting the one lengthwise end 
may be placed higher than the other end -lifting means for supporting 
the other lengthwise end by inclining the end -lifting means and the 
middle -lifting means in a direction perpendicular to the delivery 
path. 

(17) A side wall may be provided which rises at the respective edges 
in the width direction of the delivery path, and 

(18) the coiled member which may have a cut face at the respective 
ends of a predetermined length in the length direction, and 

(19) the coiled member may be allowed to roll without contact at the 
cut face with the side wall. 

(20) The coiled member may have the outside diameter differing 
between the one lengthwise end and the other lengthwise end, and 

(21) the one end-lifting means for supporting the one lengthwise end 
and the other end -lifting means for supporting the other lengthwise 
end may be placed to hold the centers of the one end -lifting member 
and of the other end-lifting member at the same height. 

(22) The coiled member has the outside diameter differing between the 
one lengthwise end and the other lengthwise end, and 

(23) the one end-lifting means for supporting the one lengthwise end 
and the other end-lifting means for supporting the other lengthwise 
end may be placed to hold the centers of the one end of the coiled 
member and the center of the other end of the coiled member at the 
same height by inclining the end-lifting means and the middle -lifting 
means in a direction perpendicular to the delivery path. 

(24) Instead of moving vertically the both of the middle -lifting 
means and the pair of the end-lifting means in alternate directions. 



5 



(25) only one of the middle -lifting means and the pair of the end- 
lifting means may be moved vertically and the other may be fixed, 
thereby delivering the coiled member by rolling on the slopes of the 
ridges. 

The induction heating apparatus of the present invention 
comprises 

(26) a delivery means for delivering a helix -shaped coiled member by 
rolling, and 

(27) an induction heating means for induction heating the coiled 
member being delivered by the delivery means. 

(28) The deliveary means may deliver the coiled member by rolling by 
rotation in direction of the periphery thereof. 

(29) The delivery means may comprise 

a middle -lifting means having ridges at a prescribed pitch along the 
delivery path for supporting the coiled member upward at a lengthwise 
middle portion of the coiled member and for lifting vertically the 
coiled member, and 

(30) a pair of end-lifting means having ridges at a prescribed pitch 
along the delivery path for supporting the coiled member upward at 
both lengthwise end portions and for moving vertically the coiled 
member , and 

(31) the ridges of the middle -lifting means and the ridges of the 
end- lifting means being placed alternately; and 

the coiled member being delivered by moving vertically reciprocally 
the middle -lifting means and the end -lifting means in alternate 
directions to allow the coiled member to roll on slopes of the ridges. 

(32) Instead of moving vertically the both of the middle -lifting 
means and the pair of the end-lifting means in alternate directions. 
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(33) only one of the middle -lifting means and the pair of the end- 
lifting means may be moved vertically and the other is fixed thereby 
delivering the coiled member by rolling on slopes of the ridges. 

(34) The pitch of the ridges of the middle -lifting means and of the 
end- lifting means may be designed not to cause one or half rotation 
of the coiled member between the ridges in delivery by rolling. 

(35) The pair of the end-lifting members may be constituted of one 
end- supporting means for supporting one lengthwise end of the coiled 
member and the other end -supporting means for supporting the other 
lengthwise end thereof, and 

(36) the one end -supporting member may be placed at a level higher 
than the other end -supporting member. 

(37) The pair of the end-lifting members may be constituted of one 
end- supporting means for supporting one lengthwise end of the coiled 
member and the other end -supporting means for supporting the other 
lengthwise end thereof, and 

(38) the pair of the end -lifting members and the middle -supporting 
member may be inclined to place the one end -supporting member at a 
level higher than the other end-supporting member. 

(39) A pair of side walls may be provided which rise at the edges in 
the width direction of the delivery path, and 

(40) the coiled member may have a cut face at the respective cut ends 
formed at cutting in a predetermined length in the length direction, 
and 

(41) the coiled member may be allowed to roll without contact at the 
cut face with the side walls. 

The quench -hardening apparatus of the present invention 
comprises 
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(42) any of the induction heating apparatus set forth above, and 

(43) a quenching vessel for quenching the coiled member having been 
heated to a prescribed hardening temperature by the induction heating 
apparatus . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic drawing illustrating a quench -hardening 
apparatus of the present invention. 

Fig. 2 is a perspective view illustrating schematically a 
delivery unit for delivering a coiled member. 

Fig. 3 is a front view of the delivery unit shown in Fig. 2. 

Fig. 4 is a side view of the delivery unit shown in Fig. 2. 

Fig. 5 is a plan view of the delivery unit shown in Fig- 2. 

Fig. 6 is a schematic view of a part of a middle -lifting board 
and end-lifting boards. 

Fig. 7 is a front view of the delivery unit of the induction 
heating apparatus employed in Example 2. 

Fig. 8 is a front view of the delivery unit of the induction 
heating apparatus employed in Example 3. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention provides an induction heating method and 
an induction heating apparatus for induction heating a coiled member, 
and provides also a quench -hardening apparatus for induction 
hardening the coil member, the coil member including automobile 
suspension springs, valve springs of automobile engines, suspension 
springs of front folks of bicycles and motorcycles, and coil springs 
of industrial machines. 
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EXAMPLE 1 

A quench -hardening apparatus of the present invention is 
explained by reference to Fig, 1. 

Fig. 1 is a drawing illustrating schematically a quench - 
hardening apparatus of the present invention. 

The quench -hardening apparatus 10 comprises a heating zone 20 
for induction heating a coiled member 12 to a hardening temperature, 
and a quenching zone 30 for quisnching the coiled member 12 having 
been induction heated to the hardening temperature. 

The heating zone 20 is provided with a delivery path 22 for 
delivering the coiled member 12 by rolling in the arrow -A direction 
(delivery direction), and an induction heating coil 24 for induction 
heating the coiled member 12 delivered by rolling. The coiled members 
12 to be induction heated are placed with the length direction kept 
to be perpendicular to the delivery direction, and are delivered 
along the delivery path 22 successively at prescribed intervals by 
rolling by rotation in the coil periphery direction. The induction 
heating coil 24 is connected to a high frequency source 26. The 
temperature of the coiled member 12 having passed through the 
induction heating coil 24 is measured by a non -contact type 
temperature sensor 28 to control the power of the high frequency 
source 26 to heat the coiled member 12 up to the prescribed hardening 
temperature . 

The quenching zone 30 is provided with a quenching vessel 34 
containing a quenching liquid 32 for quenching the coiled member 12 
having been heated to the hardening temperature, and a delivery belt 
35 for taking up the coiled member 12 having been introduced from the 
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delivery path 22 into the quenching vessel 34 and been quenched by 
the quenching liquid 32, in the arrow-B direction to deliver it to 
the subsequent processing step. The quenching liquid 32 in the 
quenching vessel 34 is circulated through a heat exchanger 36 and an 
oil tank 38 to keep the prescribed temperature of the quenching 
liquid. In the quench -hardening apparatus 10, many coiled members 12 
are delivered by rolling on the delivery path 22 and quench -hardened 
successively. Therefore, this quench -hardening apparatus is suitable 
for mass production. 

The delivery unit constituted of the delivery path 22 along 
which the coiled members 12 are delivered by rolling is explained 
below by reference to Figs. 2-5. 

Fig. 2 is an enlarged perspective view of a part of a delivery 
unit for delivering the coiled member. Fig. 3 is a front view of the 
delivery unit shown in Fig. 2. Fig. 4 is a side view of the delivery 
unit shown in Fig. 2. Fig. 5 is a plan view of the delivery unit 
shown in Fig. 2. 

The delivery unit 40 has a middle -lifting board 50 (an example 
of the middle -lifting means in the present invention) and a pair of 
end-lifting boards 60,70 (an example of the end-lifting means in the 
present invention): the middle -lifting board 50 being made of a 
ceramic material, supporting the lengthwise center portion of the 
coil members 12 on the delivery path 22 upward from the lower side, 
and pulsating vertically; and the end-lifting boards 60,70 being made 
of a ceramic material, supporting the both ends of the coil members 
12 on the delivery path 22 upward, and pulsating vertically. The 
middle-lifting board 50 and the end -lifting boards 60,70 constitute a 
delivery path 22. The middle -lifting board 50 and the pair of the 
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end-lifting boards 60,70 are allowed to pulsate vertically in 
alternate up-and-down directions. That is, when the middle -lifting 
board 50 is moved upward, the pair of the end-lifting boards 60,70 
are moved downward, whereas when the middle -lifting board 50 is moved 
downward, the pair of the end -lifting boards 60,70 are moved upward. 

In the above example, the middle -lifting board 50 is moved 
vertically in the direction reverse to the movement of the pair of 
the end-lifting boards 60,70. Instead, either the middle -lifting 
board 50 or the pair of the end-lifting boards 60,70 may be allowed 
to pulsate vertically with the other being fixed to deliver the 
coiled members 12 by rolling on the slopes of the ridges 52,62,72 as 
mentioned later. 

The constituting material of the middle -lifting board 50 and 
the pair of the end-lifting boards 60,70 is preferably electro - 
insulating and heat-resistant. The induction heating coil 24 has a 
portion 24a confronting the delivery path 22. 

The middle -lifting board 50 has a width corresponding to nearly 
a half length of the coiled member 12 delivered along the delivery 
path 22 as shown in Figs. 3 and 5. The term "width" herein signifies 
the length perpendicular to the delivery direction (arrow -A 
direction). The middle -lifting board 50 has ridges 52 on the top face 
thereof at a predetermined pitch P along the delivery path 
(perpendicular to the delivery direction) as shown in Figs. 4 and 5. 
The term "pitch" herein signifies the distance between the tops of 
adjacent ridges 52. The pitch P and the height of the ridges 52 are 
designed suitably for the outside diameter of the coiled member 12 to 
be delivered- The ridge 52 will be explained later by reference to 
Fig. 6. 
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The middle ~ lifting board 50 is supported upward by ceramic 
supporting bars 54 of the same length arreinged in suitable intervals 
along the delivery direction. In Fig. 3, the plural supporting bars 
54 are shown in superposition, seemingly as one supporting bar 54. In 
Fig. 4, two supporting bars 54 are shown. The supporting bars 54 are 
fixed at the top ends 54a to the bottom of the middle -lifting board 
50, and extend downward. The supporting bars 54 are fixed at the 
lower ends 54b to a connecting bar 55 extending parallel to the 
delivery direction (arrow- A direction). The connecting bar 55 has a 
rectanguleLT cross -section. A circular cam (eccentric cam) 56 is 
placed under the lengthwise middle portion of the connecting bar 55. 
The cam 56 may be ellipsoidal. 

The peripheral face of the cam 56 is in contact with the lower 
face of the connecting bar 55. The cam 56 is fixed eccentrically to a 
rotation shaft 42. The rotation shaft 42 extends perpendicularly to 
both of the supporting bars 54 and the connecting bar 55 (in the 
direction of the breadth of the middle -lifting board 50). The one end 
42a of the rotation shaft 42 is coupled through a coupling 44 with a 
motor 46. The other end 42b of the rotation shaft 42 and the portion 
of the rotation shaft 42 at the inside from the coupling 44 toward 
the end 42b are respectively supported rotatably by bearings 45,45. 
The motor 46 and the bearings 45,45 are fixed to a pedestal 48. 

The motor drives the coupling 44 and the rotation shaft 42 to 
rotate, and the rotation shaft 42 drives the cam 56 to rotate. The 
rotating cam 56, which is eccentric and is in contact at the 
periphery of the cam 56 with the lower face of the connecting bar 55, 
drives the connecting bar 55 in the arrow -C direction to pulsate 
vertically (upward and downward, perpendicular to the paper face of 
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Fig. 5). The vertical pulsating movement of the connection bar 55 
allows the supporting bars 54 to pulsate vertically, which allows the 
middle -lifting board 50 to pulsate vertically in the arrow-C 
direction. The higher rotation rate of the motor 46 allows the 
middle -lifting board 50 to pulsate vertically at a higher pulsation 
rate, whereas the lower rotation rate of the motor 46 allows the 
middle -lifting board 50 to pulsate vertically at a lower pulsation 
rate . 

The two end-lifting boards 60,70 are placed symmetrically on 
both sides of the middle -lifting board 50, and are symmetric in the 
shape to each other. The two end-lifting boards 60,70 are allowed to 
pulsate precisely synchronously in the same manner. The end-lifting 
boards 60,70 have respectively a width corresponding to about 1/4 of 
the length of the coiled member 12. Herein the term "width" signifies 
the length perpendicular to the delivery direction. At the outside 
ends of the end-lifting boards 60,70 in the width direction, side 
walls 61,71 are provided. 

The end-lifting boards 60,70 have ridges 62,72 respectively on 
the top faces thereof at a predetermined pitch P along the delivery 
path (in the delivery direction) as shown in Fig. 4. Here the term 
'•pitch" signifies the distance between the tops of adjacent ridges 62 
(72). The pitch P and the height of the ridges 62,72 are designed 
suitably for the outside diameter of the coiled member 12 to be 
delivered. The pitch P of the ridges 62 and that of the ridges 72 in 
the delivery direction are equal to each other as shown in Fig. 5. 
Although the pitch P of the ridges 52 of the middle -lifting board 50 
and the pitches P of the ridges 62,72 of the end -lifting boards 60,70 
are the same in the distance, the ridges 52 of the middle -lifting 
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board 50 are displaced from the positions of the ridges 62,72 of the 
pair of the end-lifting boards 60,70 by a distance of P/2 in the 
delivery direction with the pitch size kept unchanged. The ridges 
62,72 will be explained later by reference to Fig. 6. 

The end-lifting boards 60,70 are supported upward, as shown in 
Fig. 3, by supporting ceramic rods 64,74 of the same length arranged 
at suitable intervals along the delivery direction in the same manner 
as the supporting bar 54. The supporting bars 64,74 are arranged in 
lines with the supporting bars 54. Therefore, in Fig. 4, the 
supporting bars 64,74 are shown in superposition on the supporting 
bars 54, so that the supporting bars 64,74 are not shown in the 
drawing. The supporting bars 64,74 are fixed at the top ends 64a, 74a 
to the bottoms of the end-lifting boards 60,70, and extend downweird. 
The lower ends 64b, 74b of the supporting bars 64,74 are fixed to 
connecting bars 65,75 extending in the delivery direction (arrow -A 
direction). The connecting bars 65,75 have respectively a rectangular 
cross-section. An ellipsoidal cam (eccentric cam) 66,76 are placed in 
contact with the lengthwise middle portion of the connecting bars 
65,75, similarly as the connecting bar 55. 

The shapes of the cams 66,76 are the same as the shape of the 
cam 56, but the phase of the cam 56 is shifted from the phases of the 
cams 66,76 by 180° . The phases of the two cams 66,76 are the same. 
The peripheral faces of the cams are in contact with the lower face 
of the connecting bars 65,75. The cams 66,76 are fixed eccentrically 
to the aforementioned rotation shaft 42. Therefore, rotation of the 
motor 46 causes rotation of the rotation shaft 42 and rotation of the 
cams 66,76 to reciprocate the supporting bars 64,74 and to allow the 
end-lifting boards 60,70 to pulsate vertically. 
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The phases of the cams 66,76 and the phase of the cam 56 are 
shifted by 180° from each other as described above. Therefore, when 
the edge face portion of the cam 56 of the most distant from the 
rotation shaft 42 is at the highest position, the edge face portions 
of the cams 66,76 at the most distant position from the rotation 
shaft 42 are at the lowest position. Therefore, when the supporting 
bar 54 comes to the highest position, the two supporting bars 64,74 
come to the lowest position. Consequently, when the middle -lifting 
board 50 is rising, the end-lifting boards 60,70 are falling, whereas 
when the middle -lifting board 50 reaches the highest position, the 
end-lifting boards 60,70 reach the lowest position. Conversely, when 
the middle -lifting board 50 is falling, the end-lifting boards 60,70 
are rising, whereas when the middle -lifting board 50 reaches the 
lowest position, the end-lifting boards 60,70 reaches the highest 
position. The middle -lifting board 50 and the end -lifting boards 
60,70 are designed to come to the same height level at the midpoint 
of the up-and-down movement. 

Another constitution, as described above, is explained in which 
either the middle -lifting board 50 or the pair of the end-lifting 
boards 60,70 is allowed to pulsate vertically with the other being 
fixed, and the coiled members 12 are delivered by rolling on the 
slope of the ridges 52,62,72. 

In a constitution in which the middle-lifting board 50 is fixed 
and the pair of the end-lifting boards 60,70 are allowed to pulsate 
vertically, the members for moving vertically the middle -lifting 
board 50, namely the supporting bars 54, the connecting bar 55, and 
the cam 56, are omitted, whereby the apparatus can be simplified 
correspondingly. In this constitution, the end-lifting boards 60,70 
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are allowed to pulsate vertically to move the tops of the ridges 62 
and 72 repeatedly between levels higher than and lower than the tops 
of the ridges 52 of the middle -lifting board 50. 

On the other hand, in another constitution in which the end- 
lifting boards 60,70 are fixed and the middle -lifting board 50 is 
allowed to pulsate vertically, the members for moving vertically the 
end-lifting boards 60,70, namely the supporting bars 64,74, the 
connecting bar 65,75, and the cams 66,76, are omitted, whereby the 
apparatus can be simplified correspondingly. In this constitution, 
the middle -lifting board 50 is pulsated vertically repeatedly to move 
the tops of the ridges 52 between levels higher than and lower than 
the tops of the ridges 62,72. 

The delivery of the coiled members 12 by rolling by the middle- 
lifting board 50 and the end-lifting boards 60,70 is explained by 
reference to Fig. 6. 

Fig. 6 is schematic view of a part of the middle -lifting board 
and the end-lifting boards. In Fig. 6, the same symbols as in Figs. 
3-5 are used for denoting the corresponding constitutional elements. 

The shapes of the ridges 52 of the middle -lifting board 50, the 
ridges 62,72 of the end-lifting boards 60,70 are identical. As shown 
in Fig. 2, the ridges 52,62,72 have respectively a slope 52a, 62a, or 
72a facing toward the delivery direction (arrow -A direction) and 
another slope 52b, 62b, or 72b facing toward the reverse of the 
delivery direction. As described before, the pitches P of the ridges 
52,62,72 are the same: The tops of the ridges 52 or the pair of 
ridges 62,72 are displaced to each other by a half pitch (P/2) 
alternately. 

In Fig. 6, a coiled member 12 is placed on the slope 52a of the 
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ridge 52 and is simultaneously in contact with the slope 52b of the 
adjacent ridge. In Fig. 6, the symbol denotes a perpendicular 

line passing the center 12a of the coiled member 12; Ol denotes the 
angle between the perpendicular line V and the line connecting the 
contact point of the coiled member 12 with the slope 52a and the 
center 12a; 0 2 denotes the angle between the perpendicular line V and 
the line connecting the point of contact of the coiled member 12 with 
the slope 52b and the center 12a; LI denotes the distance between the 
point of contact of the coiled member 12 with the slope 52b and the 
top of the ridge 52 of the slope 52b; L2 denotes the distance between 
the point of contact of the coiled member 12 with the slope 52a and 
the top of the ridge 52 of the slope 52a; and D denotes the outside 
diameter of the coiled member 12. The shape of the ridges 52,62,72 is 
designed to satisfy the relation represented by Equation 1 below. 
Equation 1 

^.D -(ei±ez)_ ^^^^^^ 

e = — ^180° 360° 

TT -D 

In Fig. 6, the symbol "t" denotes the distance (gap) between a 
coiled member 12 held on the slope 52a of a first ridge 52 and in 
contact with the slope 52b of an adjacent second ridge 52 cind another 
coiled member 12" held on the slope 52b of a second adjacent ridge 52 
and in contact with the slope 52b of a succeeding third ridge. The 
ridges 52,62,72 are designed such that P (pitch) = D (outside 
diameter of coiled member 12) + t. Incidentally, when P<D, adjacent 
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coiled members 12 are placed on the delivery path 22 with intervals 
of more than one pitches to prevent the contact (collision) between 
the adjacent coiled members. In other words, when P<D, the adjacent 
coiled members 12 are placed with plural ridges 52 (or 62,72) 
existing between the coiled members. 

Further, the distance "S" is defined as the horizontal distance 
from the center 12a of the coiled member 12 supported on the slope 
52a of one ridge 52 and in contact with the slope 52b of the adjacent 
ridge 52 to the top of the ridge 62 (or 72) between the ridge 52 and 
the adjacent ridge 52. The ridges 52,62,72 are designed to be S>0. 

With the above constitution of the ridges 52,62,72, the middle- 
lifting board 50 and the end-lifting boards 60,70 are moved 
vertically in alternate directions. Thereby, the coiled members 12 
are delivered by rolling by the distance of one pitch P of the ridges 
52,62,72 of the middle -lifting board 50 and the end-lifting boards 
60,70. In this rolling delivery, the coil member 12 is turned not to 
cause one rotation or a half rotation. Therefore, the entire of the 
coiled members 12 are induction heated uniformly without repeated 
access of a local part of the coiled members 12 to the induction 
heating coil 24. 

In the upstream side of the delivery path 22, a delivery device 
(not shown in the drawing) is provided for loading the coiled members 
12 onto the delivery path 22. From the delivery device, coiled 
members 12 are brought successively onto the most upstream position 
of the delivery path 22. The coil members 12 are placed on the 
delivery path 22 as shown in Fig. 6. In the state shown in Fig. 6, 
the middle -lifting board 50 is at the highest level of the pulsation, 
and the end-lifting boards 60,70 are at the lowest level. For 
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delivery of the coiled members 12 in this state by rolling, the 
middle -lifting board 50 is moved dovmward and the end -lifting boards 
60,70 is moved upward. By this vertical movement of the boards, the 
coil members 12 are /rolled on the slope 62a, 72a of the ridges 62,72 
of the end-lifting boards 60,70. 

Successively, the rising end-lifting boards 60,70 reach the 
highest level and the falling middle -lifting board 50 reaches the 
lowest level momentarily. Immediately thereafter, the middle -lifting 
board 50 comes to be moved upward and the end -lifting boards 60,70 
come to be moved downward. At the moment when the movement directions 
are changed, the coiled member 12 is placed at the top of the ridge 
52 of the middle -lifting board 50. This state is shown by the coiled 
member 12' in Fig. 6. Immediately thereafter, the coiled member 12' 
begins to roll downward to be delivered by rolling to the position 
shown by the coiled member 12". In such a manner, the coiled member 
12 is delivered by rolling by repetition of the reversed up-and-down 
movement of the middle -lifting board 50 and the end -lifting boards 
60,70. 

In delivery of the coil member 12 as above, the middle -lifting 
board 50 and the end-lifting boards 60,70 are moved in the opposite 
directions, so that the up-and-down displacement of the central line 
12a of the coiled member 12 is minimized. Thereby, the variation can 
be minimized of the distance between the delivered coiled member 12 
and the induction heating coil 24 (Figs. 1 and 2) during the delivery 
of the coiled member 12. Otherwise, the vertical displacement of the 
center line 12a can be decreased by shortening the pitch P, or by 
decreasing the inclination angle of the slope 52a, 62a, 72a (by 
lowering the ridges 52,62,72). In the case where the pitch P is 
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shortened or the angles of the slopes 52a, 62a, 72a are decreased (the 
ridges 52,62,72 are lowered), the apparatus may be constituted such 
that either the middle -lifting board 50 or the pair of the end- 
lifting boards 60,70 is pulsated vertically and the other may be 
fixed to deliver the coiled members 12 by rolling on the slopes of 
the ridges 52,62,72 as mentioned later. 

As described above, many coiled miembers 12 are delivered by 
rolling along the delivery path 22. Thereby, during the delivery, the 
parts of the peripheral faces of the coiled member 12 come to face 
the induction heating coil 24 at nearly the same frequency. As the 
results, the entire of the coiled member 12 is induction heated 
uniformly without nonuniform heating. 

EXAMPLE 2 

Example 2 is explained by reference to Fig. 7. 

Fig. 7 is a front view of the delivery unit of the induction 
heating apparatus of Example 2. In Fig. 7, the same symbols as in 
Figs. 1-6 are used for denoting the corresponding constitutional 
elements. 

This delivery unit 140 delivers smoothly, by rolling, a coiled 
member 13 having an outside diameter Dl at the one lengthwise end 13a 
and an outside diameter D2 smaller than Dl at the other lengthwise 
end 13b, being modified for the delivery. The delivery unit 140 has 
end-lifting boards 60,80 and a middle -lifting board 50. The one end- 
lifting board 60 which supports upward the one lengthwise end 13a of 
the coiled member 13 and moves it vertically has the Scune 
constitution as the end-lifting board 60 of the delivery unit 40. 
However, the other end-lifting board 80 is different in constitution 
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from the end-lifting board 70: The end-lifting board 80 is placed at 
a higher level by a height h than the end-lifting board 60. This 
difference in height is explained below. 

The outside diameter of the coiled member 13 at the one end 13a 
is represented by Dl, and the outside diameter thereof at the other 
end 13b is represented by D2. The straight line connecting the center 
of the outside diameter Dl and the center of the outside diameter D2 
is referred to as a center line 13c. With this coiled member, the 
height h is shown by the equation: h = (Dl-D2)/2 or h (Dl-D2}/2. 
With the end-lifting board 80 and the end-lifting board 60 having the 
height levels adjusted as above, the center line 13c of the coiled 
member 13 is kept to be nearly parallel to the upper face 50c of the 
middle -lifting board 50, whereby the coiled members 13 are delivered 
smoothly by rolling. 

At the edge sides of the end-lifting boards 60,80 in the width 
direction, side walls 61,81 are provided. The clearance angle a 2 of 
the side wall 61 is larger than the initial bending angle Ofl of the 
coil spring 13. This enables rolling of the coiled member 13 without 
contact of the lengthwise end 13a of the coiled member 13 with the 
side wall, and thereby the coiled member 13 can be delivered smoothly 
by rolling. The side wall 81 is the same as above. 

Some coiled member 13 has different outside diameters at the 
lengthwise end portions 13a and 13b. For such a coiled member, the 
middle -lifting board 50 and the end-lifting boards 60,80 are placed 
to keep equal the heights of the center of the lengthwise end 13a and 
of the center of the other lengthwise end 13b. The equality of the 
heights of the center of the lengthwise end 13a and of the center of 
the lengthwise end 13b herein signifies that the center line 13c is 
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horizontal precisely or approximately. 
EXAMPLE 3 

Example 3 is explained by reference to Fig. 8. 

Fig. 8 is a front view of the delivery unit of the induction 
heating apparatus of Example 3. In Fig. 8, the same symbols as in 
Figs. 7 are used for denoting the corresponding constitutional 
elements . 

The coiled member 13 delivered by this delivery unit 240 has 
been cut to have cut sectional faces 13d, 13e at the respective 
lengthwise ends formed in cutting in a prescribed length. In this 
explanation, the delivery is directed from the back side to the front 
side of the paper face of Fig. 8. The coiled member 13 is delivered by 
rolling from the back side to the front side of the paper face of Fig. 
8. In the delivery in such a manner, touch of the sectional face 13e 
with the side wall 81 will hinder the rolling of the coiled member 13. 
To prevent the touch of the sectional face 13e to the side wall 81, 
the entire of the middle -lifting board 50 and the end -lifting boards 
60,80 is inclined by an angle iS . 

The entire of the delivery unit 240 is inclined by an angle /3 
relative to the center line 50a in the width direction of 50a of the 
middle -lifting board 50 to place the end-lifting board 60 lower than 
the other end-lifting board 80. Therefore, by reference to the 
horizontal line H, the center line 13c of the coiled member 13 is 
inclined by an angle i3 . Thereby, the center of the lengthwise end 
13a is placed lower than the center of the other lengthwise end 13b. 
The angle iS ranges from 2° to 30° , preferably from 4° to 10° . 

In delivery of the coil members 13 by rolling with the delivery 
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unit 240 inclined entirely by an angle j3 , the sectional face 13d will 
not come to touch with the side wall 61 even if it comes close to the 
side wall 61 and will go apart therefrom without contact. Therefore, 
a coiled member 13 having outside diameters different between the 
both lengthwise ends can be delivered smoothly by rolling. 

As described above, some of coiled members 13 have diameters 
different between a lengthwise end 13a and the other lengthwise end 
13b. For delivery of such a coiled member, the middle -lifting board 
50 and the end-lifting boards 60,80 are inclined to bring the center 
of the one lengthwise end 13a and the center the other lengthwise end 
13b to the same level. The state in which the center of the one 
lengthwise end 13a and the center of the other lengthwise end 13b are 
at the same height level signifies that the center line 13c is 
precisely or nearly horizontal. 

INDUSTRIAL AVAILABILITY 

In the induction heating method of the present invention, an 
induction heating coil and a coiled member to be heated are placed in 
opposition. Therefore the induction current is allowed to flow in 
rotation only in the cross -section of the coiled wire without causing 
a short-circuit current at the both ends of the coiled member. In 
other words, in the induction heating method of the present invention, 
no short-circuit current is caused at the both ends of the coiled 
member since the induction heating coil and the coiled member are not 
placed coaxially. Further, in the induction heating method of the 
present invention, since the coiled members are delivered by rolling 
along the delivery path, the portions of the peripheral face of the 
coiled member are allowed to face the induction heating coil at equal 
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frequency to be induction heated uniformly. Therefore, the entire of 
the coiled member (the entire of the peripheral layer) is uniformly 
induction heated without irregular heating of the coiled member. 

In the induction heating apparatus of the present invention, 
the coiled member is induction heated during delivery by rolling by 
the delivery means, so that the coiled member is induction heated 
uniformly. Therefore, the entire of the coiled member {the entire of 
the peripheral layer) is uniformly induction heated without irregular 
heating of the coiled member. 



